After newborn screening is completed, most states retain leftover dried bloodspots. These dried bloodspots are stored for varying lengths of time among different state newborn screening programs. Dried bloodspots are a unique and valuable resource for the development of new newborn screening tests, quality assurance and biomedical research. Recent changes to the 2014 Newborn Screening Reauthorization Saves Lives Act require explicit parental consent for the retention and use of dried bloodspots in federally funded research. This has raised several ethical and regulatory issues and highlighted the challenges of respecting individual autonomy and public health goals. This article provides an overview of these issues and discusses methods for obtaining parental consent. These issues may be applicable to consent for the storage and use of biospecimens among other settings according to proposed changes to the Common Rule.
Introduction
The Newborn Screening Saves Lives Reauthorization Act of 2014 was signed into law on December 18, 2014 . This law renewed federal funding in support of state based newborn screening (NBS) programs. NBS has been recognized as one of the most successful public health programs in the past century [1] . However, the bill includes a new section requiring that federally funded research on residual newborn screening dried bloodspots will be considered human subjects research and must include explicit parental consent. Similarly, the Department of Health and Human Services and fifteen other federal agencies on September 8, 2015 also released a No-tice of Proposed Rulemaking that proposed a requirement for consent for the secondary use of biospecimens obtained through clinical care even if they were de-identified [2] . This has generated substantial concern among public health officials who are distressed that explicit parental consent may reduce the number of residual dried blood spots (DBS) available for research and may negatively impact newborn screening participation.
Prior to recent proposed changes in the Common Rule, individuals are "human subjects" if their identity can be readily ascertained by the investigator (45CFR46.102(f)). Accordingly, prior to this amendment, research with de-identified residual DBS was not considered human subjects research and researchers were able to use them without parental consent. Residual DBS have been particularly important for program development and evaluation of existing and new screens, research on rare diseases, and public health research [3] [4] . Furthermore, residual DBS are a unique and valuable resource for public health and population based research because they represent the entire population and as such are free from selection bias [5] . This provision in the bill has created substantial concerns in the newborn screening community. This article will discuss the ethical conflict between respecting individual autonomy and public health goals, and implications of these issues for obtaining parental consent.
Newborn Screening and Residual Dried Blood Spots (DBS)
Newborn screening enables the early detection and interventions for more than 30 conditions including phenylketonuria (PKU), sickle cell disease, cystic fibrosis, and congenital hypothyroidism. These programs have been highly effective in reducing morbidity from these conditions. NBS is conducted in the newborn nursery by obtaining a blood sample from a heel stick applied to filter paper. A battery of screening tests is performed, and more blood is taken than necessary for these tests in case reanalysis is needed. This approach results in a leftover blood sample for almost every child screened. The leftover blood or the residual dried blood spots (DBS) are stored for variable lengths of time and storage conditions that differ by each of the different state-based NBS programs. Approximately six states store DBS indefinitely, eight states store them for 21 -30 years, three states store them for 10 -20 years, and the remaining states store them for 12 months or less [6] . See Graphic 1 [7] .
DBS are commonly used for quality assurance purposes for NBS and to improve or evaluate new types of screens to be included on NBS panels. Investigators have also used DBS for other research purposes such as epidemiological research of infectious diseases, childhood leukemia, population based studies of environmental or pharmacological exposures and etiological studies of birth defects and development disabilities [8] - [14] . DNA in residual DBS is stable for long periods of time and is highly useful for genetic epidemiology research. The vast majority of this research has been done with de-identified DBS. As noted, this type of research has not been considered human subjects research and parental permission has not been required under the regulations prior to the 2014 federal legislation.
Research with DBS is similar to other types of biomedical research using residual clinical samples. For example, most biospecimens are collected during clinical care such as surgery or blood draws [15] . The residual biospecimens are sent to a hospital pathology department or an independent pathology laboratory for processing and diagnosis. After the diagnosis, biospecimens are typically stored in pathology laboratories based on state laws and recommendations by professional organizations such as the College of American Pathologists [16] [17] . These leftover clinical biospecimens, when de-identified, have been used extensively without explicit consent for new testing or treatments specific to the disease and for medical-legal cases [18] . In addition, these biospecimens have been used beyond the disease that the individual received clinical care in other translational and clinical research, biomarker evaluation and drug development research [19] . Biospecimens obtained through clinical care have been especially critical for cancer research because thousands of tumor samples can be collected over time analyzed for a variety of different attributes in various projects as knowledge and technologies evolve [20] . Much of the research with biospecimens is dependent on access to large numbers. However, biospecimens collected in other clinical setting are different than those obtained through newborn screening because most clinical biospecimens are not acquired within a mandated public health program.
In almost all states, newborn screening is a mandatory program for which parental consent is not required. Under the parens patriae doctrine, states are given the authority to screen newborns based on the welfare of the child and benefits to society. This legal doctrine only functions if there is sufficient public trust that the state is appropriately balancing child welfare with respect for parental authority. There are concerns that consent for residual DBS will be confused with the NBS program itself, and that it may generate questions why consent is not required for NBS [21] . Another concern is that many individuals will not want the state health departments to retain any blood sample of a child for any length of time, and thus may decline NBS altogether for their child. Finally, the NBS programs were not created for the retention and use of residual DBS for non-related NBS research and may be outside their legal authority [22] . So while a consent process will defer to parental authority in making decisions about research participation, there are concerns that a consent process will negatively impact pediatric research and may negatively impact these important public health programs themselves.
Two lawsuits in the states of Texas and Minnesota in 2009 resulted from research on de-identified residual DBS without parental consent. The primary argument for the Minnesota lawsuit was based on the premise that secondary research use of DBS without parents' consent violated the states' genetic privacy acts. In the case, Bearder v. State of Minnesota (2009), the lawsuit initially was dismissed in favor of the Minnesota Department of Health, concluding that DBS retention and use did not violate the state's genetic privacy act. In Texas, the lawsuit was based on a constitutional argument that retention violated the 4th amendment as a form of illegal search and seizure. In the case, Beleno v. Texas Dept. of State Health Services (2009), the state ultimately destroyed over 5 million stored DBS. Both programs now involve an informed consent process for parents for future storage and research use of DBS. While the legal theories differed substantially in these two cases, the results indicate both that parents have legitimate concerns about the retention and use of residual DBS without consent and that there are legal bases for objecting to this practice. A larger impact of these lawsuits was the undermining of public trust with the state newborn screening programs).
Education and Consent Approaches
The new federal amendment raises important questions of how to obtain valid informed consent for residual DBS research and how to implement this practice on a population level. There have been ongoing difficulties for education about NBS itself. Public health departments provide education about NBS primarily through the distribution of brochures. The brochure is often combined with other brochures and materials that women are provided in the hospitals when they give birth. Education around the birth of the child is a hectic time due to recovery from labor and delivery, and meeting the demands of a newborn. Many parents and professionals have argued that education about NBS is more appropriate prior to the birth of a child [23] [24] . However, NBS is not part of prenatal care and despite support by American College of Obstetrics and Gynecology, few prenatal care providers are educating their parents about NBS. These challenges to education are magnified when the goal is to target all women giving birth, that is, 4 million parents per year in the US.
Our research team has conducted a number of studies on parental attitudes and preferences about the retention and use of residual DBS. In one study, we conducted a 4-part project that involved: a comprehensive analysis of NBS state laws [22] ; focus groups with NBS advisory committee members and interviews with NBS program employees [21] ; national survey of public attitudes (n = 3855) [25] [26] ; and ending with a working group of NBS experts to develop policy recommendations [27] . (NIH; R01 HG004970-01) Outcomes of this research provide substantial evidence that parents are supportive of research with DBS but want to be given a choice. Furthermore, this research highlighted the problem of educating parents about NBS and DBS during postpartum care and concerns of NBS professionals that education about DBS may negatively impact NBS participation. A follow-up study then assessed the impact of prenatal education about NBS and the storage and retention of DBS on parental attitudes and choices about NBS. (NIH; R01HD062762). A randomized control trial was conducted in Utah, New York, and California with women who were 32 -38 weeks pregnant (N = 901). The participants were assessed 2 -4 weeks postnatally about knowledge, attitudes and choice about NBS and DBS. The results demonstrated that participants who received prenatal education about NBS and DBS were more supportive of both NBS and DBS research. The prenatal education also did not negatively impact NBS participation. A publication of these results is pending elsewhere.
This research is consistent within other empirical findings on residual clinical samples, in that, participants are also supportive of research when given a choice. For example, most participants were supportive of future unlimited research on anonymous samples when they were asked [15] [28] . In a study by Chen et al. (2005) , more than 85% of the research participants authorized future unlimited research on anonymous samples if they were asked beforehand [15] , and Wendler and Emanuel (2002) found 65.8% of the sample would want consent for research on identified samples derived from clinical settings [28] .
As noted above, some have stated that the NBS programs were not created to retain and use DBS in biomedical research and explicit consent would ensure public trust. While the parens patriae justification works for newborn screening, it does not work for the retention and use of DBS, a practice that does not directly benefit the infants being screened. Parental consent will need to be required for storage and use of DBS but implementing this on a population level will be difficult. In the state of Michigan, where the state health department created the Michigan BioTrust, there is only a 60% parental consent to allow the samples to be used in research [29] . This low uptake is not primarily from parental refusal but more from the logistical challenges of getting consent at this time in the hospital. Further, some argue that a one-time broad or blanket consent for future, unspecified research with DBS may not constitute adequate consent because it is unknown how the residual DBS will be used in the future [30] . Finally, signatures on consent forms can be easily obtained in many clinical circumstances with limited or no comprehension by individuals signing the form of the issues at hand.
The research evidence clearly demonstrates that participant comprehension of information presented during the consent process is low. A review of clinical informed consent for research between 1961 to 2006 revealed that only 54% understood the aim of the research; 50% understood randomization and the risks of the research; 47% understood the nature of voluntariness; 44% understand the right to withdrawal; and 57% understood the benefits of the research [31] . Efforts to improve participant comprehension in the consent process are emerging but identification of best practices or types of informed consent interventions need more research. For example, a systematic review of 54 interventions tested in randomized controlled trials found participant comprehension was improved through multi-media efforts (31%), enhanced/simplified consent forms (41%), extended discussions (50%), and comprehension assessments (33%) [32] . Current recommendations for promoting participant comprehension during the consent process are the use of simplified consent form and/or multi-media approaches.
To examine the role of simplified paper consent and video education about NBS and DBS, we also conducted a pilot project within a parent randomized control trial (RCT). (The parent RCT is described above and assessed prenatal education about NBS and DBS (NIH; R01HD062762)). The study compared a simplified paper consent form only to a video plus the simplified paper consent form. The results demonstrated improved comprehension on some aspects of study specific details [33] . This intervention will be tested in the State of Michigan and the Michigan BioTrust on participant comprehension and uptake (NIH R01 HD082148-01A1). A specific goal of this research will to address the feasibility of this education on the population level as well as different modalities for promoting participant comprehension about broad consent for future unlimited research with DBS.
Challenges
DBS are one of the most valuable resources for biospecimen research and has the potential for significant ad-E. Rothwell, J. R. Botkin vancements in biomedical research because they represent entire population free from selection bias. Also, much of the research with biospecimens is minimal risk research. To date, there have been no reported adverse events from research with DBS. With robust education about storage and research use of DBS, transparency can be maintained with the public. Although much more work needs to be done to identify the best platform for parental consent, there are additional efforts that may need to happen to preserve public trust within these mandatory public health programs through effective education efforts. The timing and frequency of education for a mandatory program is essential. As noted above, participant comprehension about informed consent is low. Multiple methods of consent approaches for the population-level will be need to evaluated to assess not only the feasibility but impact on participant comprehension. It may be more beneficial to focus on educational efforts about newborn screening and residual DBS during prenatal care as well as newborn care. This is also consistent with the research evidence reports that many parents want to receive education about newborn screening during prenatal care and that repetition of information can enhance learning [26] .
Within the domain of public health research and respecting individual autonomy, finding a balance will be necessary for research with DBS. Recommendations from the Secretary of Health and Human Services' Advisory Committee on Heritable Disorders in Newborns and Children, also recognize this need to balance between individual privacy and public good. Their recommendations support the retention and use of DBS because they are a valuable resource for the public good [34] . Furthermore, a broader discussion of the role informed consent within population based research and genomics needs to occur. For example, there are questions about when is the appropriate time to require consent for research with biospecimens and that is not necessarily at the time of collection.
Conclusion
In summary, changes to the regulatory landscape for biospecimen research are not limited to research with residual DBS. Recent proposed changes to the Common Rule require consent for research with prospectively collected biospecimens but it unknown whether these regulatory changes will be adopted and, if so, how they will be implemented. Within the context of NBS programs, the primary goal is to screen infants for early identification of inherited medical conditions so that a timely treatment and intervention can take place. From a public health perspective, missing one child who would benefit from NBS is detrimental to the mission of this program. Finding a way to obtain parental consent for the storage and use of DBS without adversely affecting NBS is necessary. These samples are obtained through a mandatory public health program and not only will parental consent be required but we also have an obligation to ensure comprehension of the consent process. To continue to improve the healthcare of infant and public health, research with DBS will play a critical role.
